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2single-particle spectra reproduce the experimental results
of Au+Au central collisions in the 130 GeV/nucleon at
RHIC. The parameter set is summarized in Table. I. Note
that we use Bjorken's solution [4] only as an initial condi-
tion for the longitudinal ow velocity. Initial transverse
ow is neglected. Once the freeze-out hypersurface is
xed, one can calculate the single particle spectra via
Cooper-Frye formula [8]. We assume the bulk compo-











We take hadrons from
decay of heavy resonances into account as well as directly
emitted particles from the freeze-out hypersurface. The
heavy resonances are also assumed to be emitted from
the freeze-out hypersurface. We include decay processes
 ! 2, ! ! 3,  ! 3, K

! K, and  ! N.
For the method of calculation, see Ref. [14, 15]. Figure
3 shows pseudorapidity distribution of charged hadrons.
Preliminary experimental data are from the PHOBOS
Collaboration [16]. Our result quite agrees well with the
experimental data. Figure 4 shows transverse momentum
spectrum of negatively charged hadrons. Experimental
data are taken from the STAR Collaboration [17]. Our
result well reproduces the experimental data. We display





, p) in Fig. 5. Preliminary experimental
data are from the STAR Collaboration [18]. All slopes
of the spectra are well reproduced by our calculation.
Note that our result of pions and kaons in this gure
are rescaled of factor 0.67 for the better t to the data.
The articial factor 0.67 is chosen by hand here but this
number is also consistent with the present experimen-
tal results. Because, according to our estimation based
on the gure, the both total pions and total kaons in the
m
T
distribution are less than the ones in the k
T
distribu-
tion and pseudorapidity distribution as factor about 0.7.
Anti-protons is also scaled factor 4.1 in Fig. 5 but only for
the clear comparison with the slope. Hence, our calcula-






as concerns anti-protons, our hydrodynamical model fail
to give enough number of anti-protons to reproduce ex-
perimental results. We also show the proton spectrum in
Fig. 5 for comparison. Figure 6 shows anti-proton to pro-
ton ratio as a function of rapidity. Experimental data are
taken from the BRAHMS Collaboration [19]. Our result
shows excellent agreement with the experimental data.
However, the numbers of protons and anti-protons will
not be reproduced as in Fig. 5. Though we here assume
the same freeze-out condition for all particle species, the
discrepancy may indicate the more complicated mecha-
ture and net baryon number distribution.  stands for the coor-
dinate of the uid, the space-time rapidity.  denotes pseudora-
pidity only in the gures of particle distribution.
2
It is well known that the Cooper-Frye formula has an ambiguity
in the treatment of the time-like hypersurface. For example, see
Ref. [9, 10, 11, 12, 13].
nism. For example, a simple statistical thermal model
calculation suggests chemical freeze-out [20] where the
numbers of protons and anti-protons are determined by
higher chemical freeze-out temperature rather than ki-
netic freeze-out temperature. For the denite conclusion
we need more and more detailed data and much further
phenomenological investigation. From the parameter set
in Table. I, we can see that the energy density is not ex-
tremely high but suÆcient for the QGP production. The
value 2.45 GeV/fm
3
which corresponds to the tempera-
ture of 178 MeV is only 11% higher than SPS [21]. Large
collision energy at RHIC leads to very large volume of the
hot matter. Longitudinal extension parameter 

(= 1:6)
is about 2.5 times larger than the one of SPS [21]. Initial
energy density itself depends strongly on the initial time

0
which corresponds to longitudinal extension. So much
higher energy density should be obtained if we assume an
earlier thermalization time. Furthermore, we do not in-
clude the thickness of incident nuclei but use almost at
prole with gaussian smearing for the transverse direc-
tion (see Fig. 2). Hence, maximum energy density of our
model is smaller than other models which take the thick-
ness into account [3, 5, 6]. We display the outputs from
the uid in Table. II. We can see that net baryon num-
ber is much smaller than total baryon number of incident
nuclei. h
B
i means average of the chemical potential on
the whole freeze-out hypersurface. hv
T
i is the average
transverse velocity of the uid element in jj  0:1 at the
freeze-out. Lifetimes of the each phase are also shown in
Table. II. We can see the short lifetime of QGP which
reects the initial maximum energy density is not ex-
tremely high. Temperature and chemical potential pro-
le functions are also shown in Fig. 7. The temperature
prole function is similar to baryon-free case [22]. The
chemical potential prole function tells us that the high
temperature uid has small net baryon number. Further
discussions including the comparison with the SPS result
will be given in Ref. [21].































































so that I(0; k

) reduces to the Cooper-Frye formula with
f(k; x) being the Bose-Einstein distribution function.
For simplicity at the rst trial, we neglect the contri-
butions from resonance decay. Figure 8 shows the pro-
jected correlation functions for 
 
with jY j  0:5 and
0:125 < K
T
< 0:225 GeV/c. Experimental data are
taken from the STAR Collaboration [25]. In each cor-
relation function, our results are corrected by a unique 
factor whose value is 0.5. The other origin of the reduc-
tion is integration with respect to other components of
3the relative momenta over the range 0 < q
i
< 35 MeV/c.
We can see excellent agreements with the experiment as
concerns outward and longitudinal direction despite the
neglection of resonance contribution. However, sideward
correlation function (middle of Fig. 8) is slightly dier-
ent from the experiment at low q
side
. This point can be











HBT radii extracted from the t to the three-dimensional
correlation function (4) with the gaussian tting function
C
2t























The results are shown in Fig. 9. As for the longitudinal
HBT radii, our result show an excellent agreement with
the data both qualitatively and quantitatively. This re-
sult indicates the existence of the strong hydrodynamical
expansion in the longitudinal direction, which is charac-
teristic to the hydrodynamical model. Sideward HBT
radii show qualitative agreement though our results are
slightly smaller than the experimental one. That can
be seen from the behavior of the sideward correlation
function since the HBT radius is related to the width of
the correlation function. At the lowest transverse mass,
the outward HBT radius is consistent with the exper-
iment. However, the discrepancy between our results
and the experimental data appears at the higher trans-







while the experimental data
show monotonous decrease. As a result, our outward





. Since the sideward HBT radius
which stands for the transverse source size shows under-
estimation, the discrepancy should be due to the time
duration. A naive interpretation of the experimental re-
sult is that high M
T
pions come from high temperature
source and the experimental results indicate short life-
time of the high temperature region. On the other hand,
if freeze-out of the system is similar to our model, i.e.,
freeze-out from 3-dimensional hypersurface, the exper-
imental data suggest very short freeze-out duration or
opaque source [26]. Our model shows opaque property
due to ow [22] but freeze-out time duration is about 7
fm/c which is larger than the case at SPS. More detailed
investigation will be needed for this problem.
In summary, we present a hydrodynamical-model cal-
culation for the 130 GeV/nucleon Au+Au collisions data
from the RHIC experiment . Our calculation well repro-
duces the experimental result. The numerical solution
indicates that the produced quark-gluon plasma in the
RHIC has much lower baryon density, slightly higher en-
ergy density, and several times larger extension in the
longitudinal direction than in the SPS case, if we com-
pare at the same initial time, 
0
= 1 fm/c. We present
the rst analysis of the pion Bose-Einstein correlation
data at RHIC based on the hydrodynamical model which
takes into account both longitudinal and transverse ex-
pansion appropriately. The result is consistent with the
experimental data for the most part. In this work, we
concentrate our discussion on the RHIC data. More de-
tailed discussion including the comparison with the SPS
data will be given in the forthcoming paper [21].
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FIG. 1: Pressure as a function of temperature and chemical potential.
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FIG. 3: Pseudorapidity distribution of charged hadrons. Solid line shows our result (;K; p) including resonance contribution.
Dotted line denotes contribution of the directly emitted particles from the freeze-out hypersurface. Closed circles are preliminary























FIG. 4: Transverse momentum spectrum of negatively charged hadrons. As in Fig. 3, solid line and dotted line show total
number of particles and directly emitted particles from the freeze-out hypersurface, respectively. Closed circles are data from
































yield of our result. Each line is rescaled by some factors, see text for details. Closed circles, open triangles and closed triangles






















































































FIG. 8: Two-particle Bose-Einstein correlation functions for 
 
. Top, middle and bottom gures show outward, sideward
and longitudinal correlation functions, respectively. In each gure, correlation function is integrated with respect to other two















































HBT radii. Top, middle and bottom gures correspond to outward, sideward and longitudinal
HBT radii, respectively. Experimental data (closed circles) are taken from the STAR Collaboration [25].
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Tables
TABLE I: Parameter set for the Au+Au collisions.








Longitudinal gaussian width 

of initial energy density 1.6
Longitudinal extension 
0
of the at region in the initial energy density 1.3
Longitudinal gaussian width 
D
of the initial net baryon density 1.3
Space-time rapidity 
D
at maximum of the initial net baryon distribution 3.0
Gaussian smearing parameter 
r





Net baryon number 65
Mean chemical potential at freeze-out h
B
i 74.7 MeV
Mean transverse ow velocity hv
T
i of the uid at jj < 0:1 0.367c
Lifetime of the QGP phase 
QGP
1.38 fm/c
Lifetime of the mixed phase 
MIX
6.27 fm/c
Total lifetime of the uid 
HAD
15.43 fm/c
